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Abstract: In this study, the carbon stocks of forests of Turkey were examined by taking the national forest inventory
completed in 2004 as a basis. Furthermore, the annual accumulations of carbon in the above- and below-ground biomass
of Turkey were also investigated according to the gain-loss methods of “Agriculture, Forestry and Other Land Use” (AFOLU),
published in 2006. The results of estimates showed that the total stock in all carbon pools (above- and below-ground, dead
wood, litter, and soil) in the forests of Turkey was 2251.26 Tg C in 2004. Of that total carbon stock, 74.78% was in soil,
21.32% in living tree biomass, and 3.90% in litter and dead wood. It was also found that the annual biomass carbon
-1
-1
-1
accumulation increased from 2.20 Tg C year in 1990 to 6.82 Tg C year in 2005 (an average increase of 4.50 Tg C year ),
according to the gain-loss method. In the productive forests of Turkey, the carbon density in above- and below-ground
biomass is 41.66 Mg ha-1, and this is slightly lower than that in the forests of Europe, which is 43.90 Mg ha-1 according to
the United Nations Economic Commission for Europe and the Food and Agriculture Organization of the United Nations
-1
(UN-ECE/FAO). The forests in Turkey absorbed 7.99% of anthropogenic CO2 emissions, which was 312.31 Tg CO2 year
in 2005. In order to increase the amount of carbon accumulated in the forest biomass of Turkey, first of all, the illegal
cuttings need to be reduced. Furthermore, the degraded forests, making up about half of the forest area in Turkey, must be
rehabilitated, and to increase carbon stock, the concept of carbon management must be adapted to the forestry sector.
Key words: AFOLU, carbon accumulation, carbon stock, forest, Turkey

Türkiye orman ekosistemlerindeki toplam karbon stoku ve canlı ağaç bitkisel
kütlesindeki karbon birikimi
Özet: Bu çalışmada 2004 yılında tamamlanan ulusal orman envanteri temel alınarak Türkiye ormanlarındaki karbon stokları
incelenmiştir. Ayrıca 2006 yılında yayınlanan “Tarım, Ormancılık ve Diğer Arazi Kullanımı” (AFOLU) kılavuzundaki
kazanç-kayıp yöntemine göre Türkiye ormanlarında toprak üstü ve toprak altı bitkisel kütledeki yıllık karbon birikimleri
de araştırılmıştır. Buna göre 2004 yılında Türkiye ormanlarındaki tüm karbon havuzlarındaki (toprak altı ve toprak üstü
bitkisel kütle, ölü örtü, ölü odun ve toprak) toplam karbon stokunun 2251.26 Tg olduğu belirlenmiştir. Bu karbon stokunun
% 74.78’i toprakta, % 21.32’si canlı ağaç kütlesinde ve % 3.90’ı ölü örtü ile ölü odundadır. Kazanç-kayıp yöntemine göre 1990
-1
-1
-1
yılında 2.20 Tg C yıl olan yıllık karbon birikiminin 2005 yılında 6.82 Tg C yıl ’a yükseldiği (ortalama 4.50 Tg C yıl )
-1
bulunmuştur. Türkiye’de verimli ormanlarda bitkisel kütle karbon yoğunluğu 41.66 Mg ha ’dır ve bu değer Birleşmiş
Milletler Avrupa Ekonomik Komisyonu-Birleşmiş Milletler Gıda ve Tarım Örgütü’ne (UN-ECE/FAO) göre 43.90 Mg ha-1
olan Avrupa ormanlarındaki bitkisel kütle karbon yoğunluğundan çok az düşüktür. Türkiye ormanları 2005 yılında 312.31
-1
Tg CO2 yıl olan antropojenik CO2 emisyonlarının % 7.99’unu absorbe etmektedir. Türkiye ormanlarında biriktirilen karbon
miktarını arttırmak için öncelikle kaçak kesimlerin azaltılması gerekmektedir. Ayrıca Türkiye ormanlarının yarısını
oluşturan verimsiz ormanlar rehabilite edilmelidir ve karbon stoklarının arttırılabilmesi için karbon yönetimi konsepti
ormancılığa adapte edilmelidir.
Anahtar sözcükler: AFOLU, karbon stoku, karbon akışı, orman, Türkiye
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Introduction
The effect of greenhouse gases, especially CO2, on
the warming of the atmosphere and the earth is of
great importance. For this reason, studies are being
conducted on certain measures such as limiting
emissions in order to reduce the amount of CO2 in the
atmosphere. Forest ecosystems have a significant
potential in this respect. Carbon can be stored in the
biomass, soil, litter, and coarse woody debris pools in
forest ecosystems. According to the Kyoto Protocol,
the amount of carbon stocks in the forest ecosystems
and the stock changes occurring in carbon pools must
be determined. In accordance with this protocol,
countries prepare the annual national inventory
reports (NIR) of greenhouse gas emission and removal
in some other sectors (energy, industrial processes,
solvent and other product use, agriculture, etc.), as
well, and submit them to the United Nations
Framework Convention on Climate Change
(UNFCCC). These inventories are arranged by the
Good Practice Guidance for Land Use, Land-use
Change, and Forestry (GPG-LULUCF), prepared by
the Intergovernmental Panel on Climate Change
(IPCC) (IPCC 2006). According to the GPG-LULUCF,
the amount of carbon absorbed from the atmosphere
and fixed in the biomass is determined indirectly.
Generally, the changes in biomass stock or annual
volume increment are used in determining the change
in biomass carbon stocks in forests. However,
determining the forest biomass appears to an
important problem because the forest inventories are
not generally designed to determine the carbon
budget, but are focused mostly on determining the
stem volume (Van Camp et al. 2004; Jalkanen et al.
2005). To make a carbon inventory, the stem volume
has to be converted into the stem biomass first. This
conversion can be done in 2 different ways. In the first
method, the stem volume is multiplied by the basic
wood density to calculate the stem biomass. The values
of branch, foliage, and root biomasses are then
required to be added to that value. For this purpose,
the stem biomass value is multiplied by the coefficient
called the biomass expansion factor (BEF) to obtain
the above-ground biomass value. Then, by using the
root to shoot ratios (R), the below-ground biomass
value is calculated from the above-ground biomass
values. After that, the coefficient called the carbon
factor (CF) is used to determine the carbon stock in

the total biomass (IPCC 2003). The second method,
called Agriculture, Forestry, and Other Land Use
(AFOLU), is recommended in the new version of
GPG-LULUCF published in 2006. According to this
method, the above-ground biomass is calculated
directly from the stem volume by using the coefficients
called the biomass conversion and expansion factors
(BCEF), without using the wood density (IPCC 2006).
The biomass factors used in calculating the above- and
below-ground biomass are given in AFOLU separately
for each climatic region, for the countries where these
factors are not available (IPCC 2006).
A large number of studies have been carried out in
various countries on the biomass factors or equations,
and in Turkey, biomass studies have increased in
recent years. Biomass equations have been developed
in Turkey for some coniferous trees, such as Pinus
sylvestris L. (Uğurlu et al. 1976; Atmaca 2008; Çömez
2010; Tolunay 2010), Pinus brutia Ten. (Sun et al.
1980; Ünsal, 2007), Picea orientalis (L.) Link (Özkaya
2004), and Pinus nigra Arnold (Çakıl 2008). For the
deciduous trees, biomass tables have been developed
for Fagus orientalis Lipsky (Saraçoğlu 1998), Alnus
glutinosa (L.) Gaertn. (Saraçoğlu 2000), Quercus sp.
(Durkaya 1998), and Castanea sativa Mill. (İkinci
2000). All of these studies, however, have been made
on local or regional scales.
Turkey signed the United Nations Framework
Convention on Climate Change in 2004 and the Kyoto
Protocol in 2009. The emissions of greenhouse gases
in Turkey were observed to increase from 170.06 Tg
CO2 in 1990 to 312.31 Tg CO2 in 2005, representing
an increase of 83.06% (NIR Turkey 2007). A great
portion of the greenhouse gas emissions originates
from the energy sector, 77.30% of total greenhouse
gas emissions. In Turkey, during the period of 19902005, sectors other than forestry have caused
greenhouse gas emissions (NIR Turkey 2007).
National greenhouse gases inventory reports for
Turkey were prepared for 2004 and 2005 (UNFCCC
2009). In these reports, an attempt was made to
calculate the amount of carbon stored in the forests
annually by using the annual volume increment
values. In converting the annual volume increment
values into biomass and amount of carbon, some of
the biomass factors given in GPG-LULUCF and the
BEF values obtained from a small number of biomass
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studies (Uğurlu et al. 1976; Sun et al. 1980; Durkaya
1998; Saraçoğlu 1998; İkinci 2000; Saraçoğlu 2000) in
Turkey were used. Recent increases in biomass studies
and recent changes in carbon inventory
methodologies require the recalculation of the carbon
stocks and accumulations in Turkey’s forests.
The study aimed, by using the methods stated in
AFOLU (IPCC 2006) and recalculated coefficients, to:
1) determine the carbon stocks in the above-ground
and below-ground biomass according to the 2004
National Forest Inventory; 2) estimate the carbon
stocks in dead wood, litter, and forest soil; 3) calculate
the amount of carbon accumulated in the living
biomass annually in Turkey’s forests by using the
gain-loss method; and 4) determine the amount of
carbon removed from the forests by the production
of industrial roundwood and fuelwood, forest fires,
and illegal cuttings.
Materials and methods
Forest inventory data
There were 2 national forest inventories published
in Turkey, in 1972 and 2004. These forest inventories
do not pertain to a short period but cover a period of
many years. The 1972 inventory included the period
of 1963-1972, while the 2004 inventory included the
period of 1973-2004. In this study, the data of both
forest inventories were used (OGM 1980; OGM

2006). The distribution of the area, stand volume, and
increment values of coniferous, deciduous, and
coppice forest, as determined by these inventories, are
shown in Table 1.
Determination of carbon stocks
The carbon stocks in the biomass were calculated
using the following formula:
C = (V × BCEFI) × (1 + R)× CF

(1)

3
where V is the growing stock volume (m ), BCEFI is
the factor for conversion and expansion of stem
volume to above-ground biomass (Mg m-3), R is the
root to shoot ratio (dimensionless), C is the carbon
stock (Mg), and CF is the carbon factor. According to
AFOLU, if the merchantable stem volume is
determined in the National Forest Inventory (NFI),
the BCEFS (conversion and expansion factor to
convert the merchantable stem value to above-ground
biomass) must be used in these calculations. However,
BCEFI was used in this study because the whole stem
volume was measured instead of merchantable stem
volume in Turkey’s NFI. BCEFI is basically obtained
by multiplying wood density (WD) by BEF. Thus, first
the BEF coefficients specific to each tree species were
calculated from the previous biomass studies carried
out for Turkey’s forests. Species-specific BCEF
coefficients were then obtained by using WD and
calculated BEFs (Table 2). Some studies also indicated

Table 1. Comparison of area and growing stock values of Turkey’s forests in the forest inventories of 1972 and 2004 (OGM 1980; OGM
2006).
1972
Productivity

Productive

Degraded

Total/mean

Group of
species

Coniferous
Deciduous
Coppice
Subtotal/mean
Coniferous
Deciduous
Coppice
Subtotal/mean

2004

Difference

Area

Growing
stock

Volume
increment

Area

Growing
stock

Volume
increment

Area

Growing
stock

Volume
increment

(106 ha)

(106 m3)

(106 m3)

(106 ha)

(106 m3)

(106 m3)

(106 ha)

(106 m3)

(106 m3)

4.56
1.61
2.68
8.85
3.95
0.81
6.59
11.35
20.20

548.70
210.03
117.73
876.46
44.42
9.94
45.51
99.87
976.33

15.59
5.20
4.81
25.60
1.09
0.25
1.11
2.45
28.06

7.08
1.86
1.68
10.62
5.69
0.81
4.07
10.57
21.19

818.56
310.01
70.46
1199.03
51.07
14.37
23.65
89.09
1288.12

22.24
7.67
3.93
33.84
1.17
0.35
0.93
2.45
36.28

2.52
0.25
-1.00
1.77
1.74
0.00
-2.52
-0.78
0.99

269.86
99.98
-47.27
322.57
6.65
4.43
-21.86
-10.78
311.79

6.65
2.47
-0.88
8.24
0.08
0.10
-0.18
0.00
8.24
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Table 2. Wood density, BEF, and BCEF coefficients calculated after reevaluation of the biomass studies in Turkey.

Tree species

Pinus sylvestris
a
Pinus sylvestris
Pinus sylvestris
Pinus sylvestris
Total/ weighted mean
Pinus brutia
Pinus brutiaa
Total/ weighted mean
Pinus nigraa
Picea orientalisa
Quercus sp.
Fagus orientalisa
Castanea sativaa
Alnus glutinosaa
a

b

Number of
sample trees

Diameter at
1.3 m height
range (cm)

Wood
density b
(Mg m-3)

10
33
13
55
111
14
33
47
44
30
32
32
34
86

19.5-31.0
17.0-66.0
6.1-10.9
7.1-63.2

0.426

9.0-39.8
8.0-52.0

0.478

12.0-60.0
20.0-52.0
10.0-31.0
11.0-46.0
15.0-37.0
7.0-30.0

0.470
0.358
0.570
0.530
0.400
0.407

BEFI

BCEFI
(Mg m-3)

1.242 ± 0.092
1.198 ± 0.032
1.263 ± 0.050
1.279 ± 0.106
1.243 ± 0.086
1.225 ± 0.062
1.349 ± 0.022
1.319 ± 0.064
1.071 ± 0.026
1.132 ± 0.009
1.324 ± 0.157
1.228 ± 0.072
1.320 ± 0.068
1.103 ± 0.051

0.529 ± 0.039
0.510 ± 0.014
0.535 ± 0.043
0.545 ± 0.058
0.530 ± 0.037
0.586 ± 0.029
0.645 ± 0.011
0.630 ± 0.031
0.503 ± 0.012
0.405 ± 0.003
0.755 ± 0.089
0.651 ± 0.042
0.528 ± 0.027
0.449 ± 0.020

Reference

Uğurlu 1976
Atmaca 2008
Tolunay 2010
Çömez 2010
Sun et al. 1980
Ünsal 2007
Çakıl 2008
Özkaya 2004
Durkaya 1998
Saraçoğlu 2000
İkinci 2000
Saraçoğlu 1998

Calculated for the measurement diameter at 1.3 m height range in the field using the equations and tables developed for the estimation
of biomass values.
As et al. (2001).

that there were practical benefits in using common
coefficients for coniferous and deciduous tree groups
instead of species-specific coefficients in carbon
inventories (Asan 1995; Raev et al. 1997). The WD,
BEF, and BCEF coefficients specific to coniferous and
deciduous groups were therefore obtained by
calculating the weighted mean according to the
growing stock values (Tables 3 and 4). The R and CF
values used in the Eq. (1) were taken from AFOLU
(Table 5). BCEFS was only used in the conversion of
coppice forest tree volumes into above-ground
biomass values. BCEFS were taken from NIR Turkey
(2007) (Table 4).
Carbon densities per unit area, which were
calculated by Tolunay and Çömez (2008) through a
survey of studies from 1959-2008, were used in the
calculation of carbon stocks in litter and soil. As there
were not many studies on degraded forests, carbon
densities of maquis areas were used for those areas
(Table 6).
There have not been many studies in Turkey on
dead wood carbon stocks. However, in the Forest
Management Regulations, it is stated that 1 or 2 dead
trees need to be left per hectare in order to preserve

biological diversity. Therefore, in the calculation of
dead wood carbon stocks, it was assumed that about
1% of the growing stock per hectare was dead wood.
Annual carbon accumulations in the living
biomass
The gain-loss method (IPCC 2006) was used in
this study to determine the annual carbon
accumulation in Turkey’s forests. In this method, the
annual changes in the amount of carbon accumulated
in the biomass in forests are calculated by means of
the following formula:
ΔCB = ΔCG – ΔCL

(2)

where ΔCB is the annual change in biomass carbon
stocks (Mg C year-1), ΔCG is the annual increase in
carbon stocks due to biomass growth (Mg C year-1),
and ΔCL is the annual decrease in carbon stocks due to
biomass loss (Mg C year-1).
The following formula is used in calculating the
annual increments in the carbon stocks in the tree
biomass:
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Table 3. Wood densities (WD), growing stock volume (V), and stem biomass over bark
of tree species.
Wood
density
(Mg m-3)

Tree species

a

Pinus brutia
Pinus nigra
Pinus sylvestris
Pinus pinea
Pinus halepensis
Pinus pinaster
Pinus radiata
Abies sp.
Picea orientalis
Cedrus libani
Juniperus sp.
Other coniferous
Fagus orientalis
Quercus sp.
Carpinus sp.
Alnus sp.
Populus sp.
Castanea sativa
Fraxinus sp.
Other deciduous
a
e

0.478
0.470a
0.426a
b
0.470
0.480c
0.440d
0.380e
0.350a
0.358a
0.430a
0.460a
0.431f
0.530a
0.570a
0.630d
0.407a
0.350d
0.480d
g
0.562
h
0.550

Growing
stock volume
(106 m-3)

Stem biomass
over bark
(WD*V) (Tg)

270.09
296.72
117.78
1.14
0.02
4.41
0.00
93.46
50.67
27.36
7.94
0.02
263.77
137.74
1.31
5.80
0.12
5.94
1.69
2.13

129.10
139.46
50.18
0.54
0.01
1.94
0.00
32.71
18.14
11.76
3.65
0.01
139.80
78.51
0.82
2.36
0.04
2.85
0.95
1.17

As et al. (2001); b Erten and Sözen (1997a); c Erten and Sözen (1997b); d IPCC (2003);
Topaloğlu (2005); f Mean of coniferous; g Gürsu (1971); h Mean of deciduous.

Table 4. Recalculated common WD, BEF, and BCEF coefficients for coniferous and deciduous trees.
Group of
species
Coniferous
Deciduous
a

WD
(Mg m-3)

BEFI

BEFSa

BEFR

BCEFI
(Mg m-3)

BCEFS
(Mg m-3)

BCEFRb
(Mg m-3)

0.446
0.541

1.195
1.230

1.240
1.260

1.378
1.400

0.533
0.665

0.553
0.682

0.614
0.757

NIR Turkey, 2007; b Calculated by dividing BCEFS by 0.9 (IPCC 2006).

ΔCG = Iv × BCEFI × (1 + R) × CF

(3)

where Iv is the annual volume increment (m3 year-1).
Leibniz’s formula is used in the calculation of
annual increment (Kalıpsız 1988):
Ii = If × [1 + (p / 100)]n

(4)

where Ii and If represent the amount of volume
3
-1
increment (m year ) at the beginning and end of the
period, respectively; p represents the rate of increment
(%); and n is the length of the period.
The amount of increment values given for the
years between 1990 and 1995 by Raev et al. (1997) are
used in the calculation of p. For this period, p was
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merchantable volume to above-ground biomass
removals (including bark) (Mg m-3), and BCEFR is
found by dividing BCEFS by 0.9 (IPCC 2006).

found to be 0.565%. In addition, p was calculated as
1.515% over the period between 1995 and 2004.
Annual losses in carbon stocks are calculated by
the following formula:
ΔCL= LW + LF + LD

The following equation was used in determining
the amount of carbon in the areas subjected to
disturbances by insects, fire, etc.:

(5)

where LW is the annual carbon loss due to industrial
roundwood removals (Mg C year-1), LF is the annual
biomass carbon loss due to fuelwood removals (Mg C
year-1), and LD is the annual biomass carbon loss due
to disturbances (Mg C year-1).

LD = A × (Bw – Bs + R) × CF

where A is the area affected by disturbances (ha
year-1), and Bw and Bs are the average above-ground
and stem biomass over bark of forest areas affected by
the disturbances (Mg ha-1).

The LW and LF values were calculated by means of
the following equation:
Li = H × BCEFR × (1 + R)× CF

(7)

The amounts of wood removed from the forests by
the harvest of wood and by illegal cuttings, and the
amount of forests burned by fire during the years
1990-2005, are given in Table 7. Using this data, the
amount of carbon removed from forests annually was
estimated. Certain presumptions, however, were used
in these estimations. These presumptions were as
follows:

(6)

where Li is LW or LF, H is the annual volume of
industrial roundwood or fuelwood removals (m 3
year-1), BCEFR is the biomass conversion and
expansion factor for conversion of removals in

Table 5. Default root to shoot ratio and carbon factor given in AFOLU for temperate
zone forests (IPCC 2006).
Group of species

Above-ground biomass
(Mg ha-1)

Root to
shoot

Carbon
factor

Coniferous

<50
50-150
>150

0.40
0.29
0.20

0.51

Deciduous

<75
75-150
>150

0.46
0.23
0.24

0.48

Table 6. Carbon density (Mg ha-1) in litter and soil in Turkish forests (Tolunay and Çömez 2008).
Soila

Litter
Group of species

Coniferous
Deciduous
Maquis
Total/weighted mean
a

Number of samples

Mg ha-1

Number of samples

Mg ha-1

591
371
41
1003

7.46
3.75
1.70
5.86

996
193
45
1234

76.56
84.82
79.60
77.96

Soil organic carbon stock to a depth of 100 cm.
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Table 7. Forest areas damaged by fire and amounts of industrial roundwood, fuelwood, and illegal cuttings, 1990-2005.
Year

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
Mean
a

Amount of
burnt area
(103 ha)
13.74
8.08
12.23
15.39
38.13
7.68
14.92
6.32
6.76
5.80
26.35
7.39
8.51
6.64
4.88
2.82
11.60

Industrial roundwooda (106 m3)
Coniferous

5.76
5.16
6.31
5.62
6.34
6.26
5.91

Deciduous

Total

1.57
1.62
1.70
1.70
1.91
1.84
1.72

6.58
6.51
6.90
7.01
6.71
8.05
7.53
6.97
7.05
7.07
7.33
6.78
8.01
7.32
8.25
8.10
7.26

Fuelwooda (106 m3)
Coniferous

1.89
1.90
1.93
2.05
2.14
2.15
2.01

Deciduous

Total

Illegal
cuttingsb
(106 m3)

4.00
3.79
3.76
3.81
3.95
3.60
3.82

9.11
8.63
8.36
8.13
6.28
7.15
7.80
6.93
6.28
6.13
5.89
5.69
5.69
5.86
6.09
5.75
6.86

7.67
7.43
7.19
6.96
6.74
6.52
6.31
6.11
5.92
5.73
5.48
5.21
4.95
4.65
4.35
4.05
5.95

Total
cuttings
(106 m3)
23.36
22.57
22.45
22.10
19.73
21.72
21.64
20.01
19.25
18.93
18.70
17.68
18.65
17.83
18.69
17.90
20.08

OGM (2009); b DPT (2001) and DPT (2007).

1) Deciduous and coniferous group distribution of
the produced wood in Turkey has been recorded only
since 2000. Before 2000, the records were only in
terms of roundwood and fuelwood (Table 7). In order
to estimate the amount of carbon removed due to
wood production, the deciduous and coniferous
group distribution of the wood must be known.
Besides, in coppice forests, the roots do not die after
the cutting, and they reproduce buds. Therefore, R in
Eq. (6) must be taken as 0 in the calculation of the
carbon loss caused by the wood production in coppice
forests. The deciduous and coniferous wood
production ratios were determined for 2000-2005 in
order to make these calculations. The deciduous and
coniferous distribution of wood produced in 19901999 was determined by using these ratios. Wood is
assumed to be produced at the full annual increment
rates while calculating the amount of wood produced
from the coppice forests. Eq. (4) was used in the
calculation of the increment of coppice forests. Thus,
p was calculated as -0.615% between the years 1972
and 2004.

2) A significant amount of illegal fuelwood cutting
is being done in Turkey. There are not very reliable
data available on illegal cuttings. There is, however,
some estimation made on the subject. Data given in
DPT (2001) and DPT (2007) were used in this study
(Table 7). It was assumed that the amount of illegal
cuttings was the same in deciduous, coniferous, and
coppice forests.
3) There are no reliable data in Turkey on the
biomass losses occurring in forests due to damage by
insects and fungi. All of the trees damaged are cut,
and the amounts of wood cut in this way are also
entered in the records for industrial or fuelwood.
Therefore, in the calculations made here, it was
assumed that there was no damage due to insects or
fungi.
4) With regard to forest fires, only the amount of
forest area burned by fire could be obtained. Firedamaged trees were used as fuelwood, similar to trees
damaged by insects and fungi. For this reason, the
amount of fire-damaged trees was given as
roundwood or fuelwood. It was accepted that only
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branches and foliage burned to account for carbon
losses via forest fires. The average biomass density for
all forest ecosystems was used to calculate the losses
that occurred in the biomass due to forest fires.
Results
Total carbon stock in Turkey’s forests
The total carbon stock in Turkey’s forests was
calculated as 2251.26 Tg C in 2004. An important
portion of total carbon stock was in the forest soils.
The carbon stock in the living biomass was calculated
as 479.87 Tg C, and 92.20% of carbon stock in the
living biomass belonged to the productive forests,
while the remaining 7.80% belonged to the degraded
forests (Table 8).

The biomass carbon density was also found,
calculated as 22.65 Mg C ha-1. According to the forest
inventory of 2004, the total biomass carbon density in
productive forests was calculated as 41.66 Mg C ha-1.
The majority of this total biomass density, 32.44 Mg
C ha-1, belonged to the above-ground biomass, while
the remaining 9.22 Mg C ha-1 belonged to the belowground biomass (Table 9). The carbon density was
the highest in deciduous forests, with a value of
154.66 Mg C ha-1 (Table 9). As for living biomass
carbon stock, the highest value was in the Pinus nigra,
Fagus orientalis, and Pinus brutia forests, with values
of 104.54, 104.26, and 102.79 Tg C, respectively
(Figure 1).

Table 8. Carbon stocks (Tg) in the forest carbon pools of Turkey in 2004.
Productivity

Group of
species

Aboveground

Belowground

Total living
biomass

Litter

Dead
wood

Soil

Grand total

Productive

Coniferous
Deciduous
Coppice
Total
Coniferous
Deciduous
Coppice
Total

222.51
98.96
23.07
344.53
13.88
4.59
7.74
26.21
370.74
16.47

64.53
22.76
10.61
97.90
5.55
2.11
3.56
11.22
109.12
4.85

287.04
121.72
33.68
442.43
19.44
6.70
11.31
37.44
479.87
21.32

52.84
6.96
6.30
66.11
9.67
1.38
6.92
17.96
84.07
3.73

2.28
0.99
0.22
3.50
0.14
0.05
0.08
0.26
3.76
0.17

542.31
157.49
142.58
842.38
452.87
64.48
323.82
841.18
1683.56
74.78

884.48
287.15
182.79
1354.42
482.12
72.60
342.12
896.84
2251.26
100.00

Degraded

Grand Total
%

Table 9. Carbon density (Mg ha-1) in the forest carbon pools of Turkey in 2004.
Productivity

Group of
species

Productive

Coniferous
Deciduous
Coppice
Total
Coniferous
Deciduous
Coppice
Total

Degraded

Grand Total

Aboveground

Belowground

Total living
biomass

Litter

Dead
wood

Soil

Grand total

31.41
53.30
13.72
32.44
2.44
5.66
1.90
2.48
17.50

9.11
12.26
6.31
9.22
0.98
2.60
0.88
1.06
5.15

40.52
65.55
20.03
41.66
3.42
8.27
2.78
3.54
22.65

7.46
3.75
3.75
6.22
1.70
1.70
1.70
1.70
3.97

0.32
0.53
0.13
0.33
0.03
0.06
0.02
0.02
0.18

76.56
84.82
84.82
79.31
79.60
79.60
79.60
79.60
79.46

124.86
154.66
108.74
127.52
84.74
89.62
84.10
84.87
106.25
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120
Carbon stock (Tg)
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Productive
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Oth. Coniferous

Pinus halepensis

Populus sp.

Pinus pinea

Carpinus sp.

Fraxinus sp

Oth. deciduous

Alnus sp.

Pinus pinaster

Juniperus sp.

Castanea sativa

Cedrus libani

Abies sp.

Picea orientalis

Quercus sp.

Pinus sylvestris

Pinus brutia

Fagus orientalis

Pinus nigra

0

Figure 1. Distribution of carbon stocks of living tree biomass in productive and
degraded forest areas, according to the Turkish National Forest Inventory of
2004.

million m3 year-1 was done for industrial roundwood
production, while an average amount of 6.86 million
m3 year-1 was done for fuelwood production. Illegal
cuttings have also occurred in Turkey’s forests. The
illegal cuttings were estimated at an average of 5.95
million m3 year-1 for the 15-year period. A volume of
18.69 million m3 year-1 is removed from the volume
3
-1
increment, which reached 36.28 million m year by
cuts in Turkey’s forest in 2004. Furthermore, the forest
area damaged by fires in Turkey is reported to be
11,600 ha year-1 on the average for the period of 1990-

Annual net carbon accumulation
Using the gain-loss method, Turkey’s forests were
-1
found to have absorbed 13.68 Tg C year from the
atmosphere in 2004. The majority of that amount,
12.63 Tg C year-1, belonged to the productive forests,
-1
while the remaining 1.05 Tg C year portion belonged
to the degraded forests (Table 10). Carbon
accumulated in the forests due to volume increment,
however, is removed from the forests through the
fuelwood and industrial roundwood production.
During 1990-2005, an average cutting amount of 7.26

Table 10. Annual volume and biomass carbon increments of Turkish forests in 2004.
Annual volume increment
Productivity

Productive

Degraded

Coniferous

106 m3

m3 ha-1

AB

BB

Total

Mg ha-1

22.24

3.14

6.04

1.75

7.79

1.10

Deciduous

7.67

4.13

2.45

0.56

3.01

1.62

Coppice

3.93

2.34

1.25

0.58

1.83

1.09

Total

33.83

3.19

9.74

2.89

12.63

1.19

Coniferous

1.17

0.20

0.32

0.13

0.45

0.08

Deciduous

0.35

0.44

0.11

0.05

0.16

0.20

Coppice

0.93

0.23

0.3

0.14

0.44

0.11

Total
Grand Total

Annual biomass carbon increment

Group of species

2.45

0.23

0.73

0.32

1.05

0.10

36.28

1.71

10.47

3.21

13.68

0.65

AB = Above-ground biomass; BB = Below-ground biomass.
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2005 (Table 7). The amount of biomass carbon
removed from Turkey’s forests through industrial and
fuelwood productions, illegal cuttings, and forest fires
during 1990-2005 was calculated as 2.95, 2.60, 2.41,
and 0.10 Tg C year-1 on average, respectively (Table
11). Hence, it is understood that, as an average figure,
an amount of 4.50 Tg C year-1 was stored in the
biomass during a period of 15 years. However, the
annual carbon accumulation in the biomass showed
an increasing trend during that period. Accordingly,
the net annual carbon accumulation, which was 2.20
Tg C year-1 in 1990, had increased to 6.82 Tg C year-1
by 2005 (Table 11).
Discussion
According to data from UN-ECE/FAO (2006), in
2005, there was a carbon stock of 282.7 Pg C (or 71.5
Mg C ha-1) in the global forest ecosystems. In research
carried out on the European forests by taking 1990 as
a basis of evaluation, the biomass carbon stocks were
found to vary from 5.5 to 9.0 Pg C, depending on the

different number of countries included in the
evaluation and hence the different size of the forest
areas involved (Table 12). In another study of 47
European countries for 2005, the European forests
were reported to have a carbon stock of 43.93 Pg C
(UN-ECE/FAO 2006). The biomass carbon densities
in European forests were found to range from 32.0 to
53.2 Mg C ha-1 (Table 12). According to UNECE/FAO (2006) data, the average biomass carbon
density in European forests is 43.9 Mg C ha-1. In
Turkey, having a forest area of 21.2 million ha, an
amount of 22.65 Mg C ha-1 was found to be stored in
the forest biomass as of 2004. This value is quite lower
than the average value for Europe. In the productive
forests, however, the biomass carbon density is 41.66
Mg C ha-1, which is slightly lower than the average
value for Europe. Karjalainen et al. (2003) reported
that the biomass carbon densities in northern and
southern European forests are lower than those of
central European forests, due to northern Europe’s
cold climate and drought in southern Europe. In
Turkey, the biomass carbon density values of

Table 11. Biomass carbon amounts removed by cuttings and annual carbon storage in Turkish forests, 1990-2005
(Tg C year-1).
Annual C loss

Annual C storage

Years

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
Mean

Roundwood

Fuelwood

Illegal
cutting

Forest
Fire

Total

Before
harvest

After
harvest

2.72
2.70
2.85
2.90
2.69
3.30
3.12
2.84
2.84
2.84
2.95
2.71
3.21
2.94
3.34
3.25
2.95

3.50
3.29
3.18
3.08
2.37
2.70
2.95
2.62
2.37
2.31
2.22
2.14
2.15
2.21
2.30
2.18
2.60

3.11
3.01
2.91
2.82
2.73
2.64
2.55
2.47
2.39
2.32
2.22
2.11
2.00
1.88
1.76
1.64
2.41

0.11
0.07
0.10
0.13
0.31
0.06
0.12
0.05
0.06
0.05
0.22
0.06
0.07
0.05
0.04
0.02
0.10

9.44
9.07
9.04
8.93
8.10
8.70
8.74
7.98
7.66
7.52
7.61
7.02
7.43
7.08
7.44
7.09
8.05

11.64
11.70
11.77
11.83
11.90
11.97
12.15
12.33
12.52
12.71
12.90
13.10
13.30
13.50
13.68
13.91
12.56

2.20
2.63
2.73
2.90
3.80
3.27
3.41
4.35
4.86
5.19
5.29
6.08
5.87
6.42
6.24
6.82
4.50

274

https://testdrive1.bepress.com/tubitak-journal/vol35/iss3/6
DOI: 10.3906/tar-0909-369

10

Published by Research Showcase @ UMarin, 2011

1995

1996

1996

2005

2005

Turkey

Turkey

Turkey

Turkey

Turkey

1990s

Europe
(15 countries)

1990

1980s

Europe
(15 countries)

Turkey

1990

Europe
(30 countries)

1995

1990

Europe
(30 countries)

Turkey

1990

Europe

1995

2005

Europe
(47 countries)

Europe
(27 countries)

1990

Europe
(47 countries)

1995

2005

World

Europe

1990

World

1987-1990

1987-90

World

Europe

Years

Region

21.189

21.189

20.713

9.954

20.559

5.466

20.559

128.6

339

283

110.1

149

149

135.8

182

1001

989

3952

4077

4165

Forest
area
(Mha)

479.87

429.00

399.78

246.18

6489

9000

5505

7929

7700

6148.28

7300

43928

42004

282651

299181

359000

Total C stock
in biomass
(Tg C)

22.65

20.71

40.16

45

50.5

32

50

53.2

51.7

45

40.1

43.9

42.5

71.5

73.4

86

C density
in biomass
-1
(Mg C ha )

13.91

18.54

15.10

7.93

5.32

21.70

363

210

216.5

(Tg C year-1)

0.66

0.88

0.73

0.80

0.97

1.06

1.07

1.41

1.59

(Mg C ha-1)

Total biomass C flux
before harvest

6.82

13.10

7.87

3.7

2.51

81.9

90-120

63.2

101.3

76.7

128.3

-1102

-900

(Tg C year-1)

0.32

0.62

0.38

0.18

0.46

0.64

0.32-0.42

0.57

0.68

0.56

0.13

-0.28

-0.22

(Mg C ha-1)

Total biomass C flux
after harvest

Current study

NIR Turkey 2007

Evrendilek 2004.

UN-ECE/FAO 2000.

Raev et al. 1997

Schelhaas and Nabuurs 2001

Asan 1999

Karjalainen et al. 2003

Janssens et al. 2003

Dixon et al. 1994

Liski et al. 2000

Nabuurs et al. 1997

Goodale et al. 2002

Schelhaas and Nabuurs 2001

Fang et al. 2006

UN-ECE/FAO 2006

UN-ECE/FAO 2006

UN-ECE/FAO 2006

UN-ECE/FAO 2006

Dixon et al. 1994

Reference

Table 12. Comparison of results of studies conducted on the biomass carbon stock and annual carbon flux in the forests of the world, Europe, and Turkey.
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productive forests are higher than those of countries
like Portugal, Albania, Croatia, and Macedonia, which
are located in a similar climatic zone (Karjalainen et
al. 2003).
By the gain-loss method, the amount of carbon
accumulated annually in the biomass in Turkey’s
forests was calculated to be 4.50 Tg C year-1 (or 16.47
Tg CO2 year-1) on average during 1990-2005. During
this period, the amount of carbon accumulated
annually in the forests increased continuously, rising
from 2.20 Tg C year-1 (or 8.05 Tg CO2 year-1) to 6.82
Tg C year-1 (or 24.96 Tg CO2 year-1). Increase of forest
areas, decrease in the production of fuelwood, and
decrease in illegal cuttings affected the carbon
increase in biomass (Tables 7 and 11). The increase of
migration from rural areas to urban areas in Turkey is
very effective in increasing forest areas and decreasing
illegal cuttings (Yeşil and Asan 2007). In addition,
conversion of coppices to high forest, rehabilitation of
degraded forests, and an increase of plantations led to
an increase in carbon sequestration. For greenhouse
gas emissions, 7.99% of the total amount, which was
312.31 Tg CO2 as of 2005, was compensated for by the
forests in Turkey. This value is somewhat less than
that reported for Europe. For example, the rate of
compensation of emissions by the amount of carbon
accumulated in the European forests was reported to
be 9.5% according to Nabuurs et al. (1997), 7%
according to Liski et al. (2000), and 8.7% according to
Pussinen et al. (2009). Liski et al. (2005) reported that
the European land biosphere absorbed 7%-12% of
European anthropogenic CO2 emissions.
Differences exist between the results obtained in
this study of biomass carbon stock or the annual
carbon accumulation in Turkey’s forests, and the
results obtained in other studies carried out on
Turkey’s forests. Such differences are due to the
differences in the amount of Turkey’s forest area,
differences in the methods of calculation used,
differences between the accepted amount of carbon
removed from the forests in different ways, the lack
of sufficient data, and the differences in the years
taken as a basis of evaluation. As an example, the
amount of Turkey’s forest areas was reported to be
9.954, 5.466, 20.559, 20.713, and 21.19 Mha according
to UN-ECE/FAO (2000), Schelhaas and Nabuurs
(2001), Raev et al. (1997), Evrendilek (2004), and NIR

Turkey (2007), respectively (Table 12). This result is
related to the definition of areas accepted as forest area
(Nabuurs and Schelhaas 2003). The forest areas
exhibiting a cover of less than 10%, which are called
degraded forests in this study, are not accepted as
forests by the FAO and Forest Resources Association
(FRA). Therefore, different values for the amount of
forest areas or for amounts of carbon calculated may
be found in various studies conducted for this
purpose. “Forest area” must be determined clearly for
an accurate carbon inventory. There are 2 forest
inventories available in Turkey, one completed in 1972
and the other in 2004. These inventories cover a
period of about 10 years. Hence, they belong not to a
certain year, but to a certain period of years, and
therefore they fail to show the increases or decreases
occurring annually in the forest areas. The amount of
forest area cited in NIR Turkey (2007) and in this
study are the same. There are, however, some
differences in the calculations for carbon flux before
and after cuttings. In this study, the annual carbon
storage value before cuttings was calculated as 13.91
Tg C year-1. This value is given as 18.54 Tg C year-1 in
NIR Turkey (2007). The difference between the
findings of NIR Turkey (2007) and this study obtained
on the C flux after cuttings is actually much more
remarkable (Table 7). According to NIR Turkey
(2007), carbon accumulation in the living biomass
after harvest of Turkey’s forests was estimated to be
13.10 Tg C in 2005. In this study, the net annual
carbon accumulation was found to be half of the value
calculated by NIR Turkey (2007). The reason for this
might be the differences between LULUCF and
AFOLU methodologies. This difference may be due
to the use of BEF values obtained from a small
number of locally conducted biomass studies by NIR
Turkey (2007). Furthermore, oven-dry wood density
(oven-dry weight divided by oven-dry volume) values
were used instead of basic wood density (oven-dry
weight divided by fresh volume) in the calculations
made by NIR Turkey (2007). Additionally, the carbon
factor (CF) used in converting the biomass into
carbon value was taken as 0.50 in NIR Turkey (2007).
In this study, the coefficients given by the IPCC
(2006) for temperate zone forests were used. The CF
value was accepted to be 0.51 for coniferous forests
and 0.48 for deciduous forests.
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In conclusion, in order to reduce uncertainties in
Turkey’s carbon inventory, there is a need to adapt
the methods of carbon inventory to the methods of
the national forest inventory presently used to
determine the stem volume. For example, inventories
based on the principal tree species are currently
available in Turkey, but the amounts of mixed forests
and secondary forest trees are not included in such
inventories. No detailed information on the damage
caused by insects, fungi, and forest fires is registered,
either. The amount of wood cutting is cited only for
conifer and broadleaf forests, and even this practice
has started only after 2000. Therefore, the annual
changes in forest area should first be determined in
Turkey, and detailed records of the quality and
quantity of forest damage should be kept.
Furthermore, the factors of BEF, BCEF, R, or CF
required for determining the forest biomass and
carbon stocks need more biomass research.
Emphasis should be given to research on carbon
accumulation and stock in soil, litter, and coarse
woody debris or dead wood, which are other
important carbon pools in a forest ecosystem. In this
study, carbon stocks of soil and litter were interpreted
by reviewing former studies in Turkey. It covers a 50year period, not the 2004-based carbon densities of
soil and litter described by Tolunay and Çömez
(2008). Values given by the authors were lower than
the value of soil carbon, given as 96.2 Mg ha-1 (Janzen
2004), for temperate forests. Determination of
carbon stocks of litter, soil, and dead wood for the
same year of carbon inventory is essential. For this,

more sensitive estimations of carbon stocks of litter,
dead wood, and soil can be made based on 563 Level
1 sample plots in the context of the ICP Forests
Program. Annual carbon fluxes of litter, dead wood,
and soil were not determined in this study. Fluxes of
these carbon pools were generally accounted for with
modeling studies. Annual litterfall and fine root
amounts, carbon stocks in litter and soil,
decomposition rates of dead woods and litter, and
carbon losses due to soil respiration were used in
these modeling studies (Liski et al. 2005; Liski et al.
2006). Research on litter decomposition, carbon
losses via soil respiration, or fine root masses has
increased in the last years in Turkey (Sarıyıldız 2003;
Tüfekçioğlu et al. 2004; Sarıyıldız et al. 2005;
Tüfekçioğlu et al. 2005; Tüfekçioğlu and Küçük 2005;
Akburak 2008; Sarıyıldız 2008). However, these
studies were generally carried in northern Turkey,
and research is needed in other regions. In addition
to determining the accumulation of carbon in
Turkey’s forests, there is a need to adapt the carbon
management approach to forest management
(Başkent et al. 2008; Başkent et al. 2009). The
principal aim of carbon management is to increase
the amount of carbon accumulated in the forest
ecosystems. Reduction of deforestation, forest fires,
illegal cuttings, and afforesting are the main
measures for increasing the carbon accumulation. In
particular, the degraded forests, making up half of
Turkey’s forests, have to be rehabilitated. The carbon
stocks may also be increased by taking various
silvicultural measures.

References
Akburak S (2008) Belgrad Ormanında Farklı Ağaç Türleri Altında
Toprak Solunumunun Mevsimsel Değişimi. Yüksek Lisans Tezi.
İstanbul Üniversitesi, Fen Bilimleri Enstitüsü, pp. 153.
Asan Ü (1995) Global iklim değişimi ve Türkiye ormanlarında karbon
birikimi. İ.Ü. Orman Fakültesi Dergisi B 1-2: 23-38.
Asan Ü (1999) Climate change, carbon sinks and the forests of Turkey.
In: Proceedings of the International Conference on Tropical
Forests and Climate Change: Status, Issues and Challenges
(TFCC ’98), the Philippines, pp. 157-170.
Atmaca S (2008) Erzurum Orman Bölge Müdürlüğü Sarıçam
Biyokütle Tablolarının Düzenlenmesi. Yüksek Lisans Tezi.
Zonguldak Karaelmas Üniversitesi, Fen Bilimleri Enstitüsü, pp.
111.

As N, Koç H, Doğu D, Atik C, Aksu B, Erdinler S (2001) Türkiye’de
yetişen endüstriyel öneme sahip ağaçların anatomik, fiziksel,
mekanik ve kimyasal özellikleri. İ.Ü. Orman Fakültesi Dergisi B
1: 71-88.
Başkent EZ, Keleş S, Yolasığmaz HA (2008) Comparing multipurpose forest management with timber management in
incorporating timber, carbon and oxygen values: a case study.
Scand J Forest Res 23: 105-120.
Başkent EZ, Keleş S (2009) Developing alternative forest management
planning strategies incorporating timber, water and carbon
values: an examination of their interactions. Environ Model Ass
14: 467-480.

277

Published by Research Showcase @ UMarin, 2011

13

TURKISH JOURNAL OF AGRICULTURE AND FORESTRY, Vol. 35 [2011], No. 3, Art. 6

Total carbon stocks and carbon accumulation in living tree biomass in forest ecosystems of Turkey

Çakıl E (2008) Zonguldak Orman Bölge Müdürlüğü Karaçam
Biyokütle Tablolarının Düzenlenmesi. Yüksek Lisans Tezi.
Zonguldak Karaelmas Üniversitesi, Fen Bilimleri Enstitüsü, pp.
167.
Çömez A (2010) Sündiken Dağlarında Sarıçam (Pinus sylvestris L.)
Meşcerelerinde Karbon Birikiminin Belirlenmesi. Doktora Tezi.
İstanbul Üniversitesi, Fen Bilimleri Enstitüsü.
Dixon RK, Brown S, Houghton RA, Solomon AM, Trexler MC,
Wisniewski J (1994) Carbon pools and fluxes of global forest
ecosystems. Science 263: 185-190.
DPT (T.C. Başbakanlık, Devlet Planlama Teşkilatı) (2001) Sekizinci
Beş Yıllık Kalkınma Planı, 2001-2005, Ormancılık Özel İhtisas
Raporu. DPT Yayın No: 2531, ÖİK No: 547), pp. 539. Retrieved
5 September 2009 from http://ekutup.dpt.gov.tr/ormancil/
oik547.pdf.
DPT (T.C. Başbakanlık, Devlet Planlama Teşkilatı) (2007) Dokuzuncu
Beş Yıllık Kalkınma Planı, 2007-2013, Ormancılık Özel İhtisas
Raporu. DPT Yayın No: 2712, ÖİK No: 665), pp. 102. Retrieved
5 September 2009 from http://ekutup.dpt.gov.tr/ormancil/
oik665.pdf.
Durkaya B (1998) Zonguldak Orman Bölge Müdürlüğü Meşe
Meşcerelerinin Biyokütle Tablolarının Düzenlenmesi. Yüksek
Lisans Tezi. Zonguldak Karaelmas Üniversitesi, Fen Bilimleri
Enstitüsü, pp. 110.
Erten P, Sözen R (1997a) Halep çamı (Pinus halepensis Mill.)
odununun fiziksel ve mekaniksel özelliklerinin belirlenmesi. İç
Anadolu Ormancılık Araştırma Enstitüsü, Teknik Bülten No:
268, pp. 40.
Erten P, Sözen R (1997b) Fıstıkçamı (Pinus pinea), Camiyanı
Karaçamı (Pinus nigra Arnold) ve Çınar Yapraklı Akaçaağaç
(Acer platanoides) odununun bazı fiziksel ve mekaniksel
özelliklerinin belirlenmesi. İç Anadolu Ormancılık Araştırma
Enstitüsü, Teknik Bülten No: 266, pp. 37.
Evrendilek F (2004) An inventory-based carbon budget for forest and
woodland ecosystems of Turkey. J Environ Monitor 6: 26-30.
Fang J, Brown S, Tang Y, Nabuurs GJ, Wang X, Shen H (2006)
Overestimated biomass carbon pools of the northern mid- and
high latitude forests. Climatic Change 74: 355-368.
Goodale CL, Aps M, Birdsey RA, Field CB, Heath LS, Houghton RA,
Jenkins J, Kohlmaier GH, Kurz W, Liu S, Nabuurs GJ, Nilsson S,
Shvidenko AZ (2002) Forest carbon sinks in the Northern
Hemisphere. Ecol Appl 12: 891-899.
Gürsu İ (1971) Süleymaniye ormanı sivri meyveli dişbudakları
(Fraxinus oxycarpa Willd.) odununun bazı fiziksel ve mekanik
özellikleri ve değerlendirme imkanları hakkında araştırmalar.
Ormancılık Araştırma Enstitüsü Yayınları, Teknik Bülten Serisi
No: 47.
İkinci O (2000) Zonguldak Orman Bölge Müdürlüğü Kestane
Meşcerelerinin Biyokütle Tablolarının Düzenlenmesi. Yüksek
Lisans Tezi. Zonguldak Karaelmas Üniversitesi, Fen Bilimleri
Enstitüsü, pp. 86.
IPCC (Intergovernmental Panel on Climate Change) (2003) Good
practice guidance for land use, land-use change and forestry
(Eds. J Penman, M Gytarsky, T Hiraishi, T Krug, D Kruger, R
Pipatti, L Buendia, K Miwa, T Ngara, K Tanabe, F Wagner).
IPCC/OECD/IEA/IGES, Hayama, Japan. Retrieved 5
September 2009 from http://www.ipcc-nggip.iges.or.jp/public/
gpglulucf/gpglulucf_contents.html.

IPCC (Intergovernmental Panel on Climate Change) (2006) IPCC
Guidelines for National Greenhouse Gas Inventories, Prepared
by the National Greenhouse Gas Inventories Programme (Eds.
HS Eggleston, L Buendia, K Miwa, T Ngara, K Tanabe). IGES,
Japan. Retrieved 5 September 2009 from http://www.ipccnggip.iges.or.jp/public/2006gl/index.html.
Jalkanen A, Mäkipää R, Ståhl G, Lehtonen A, Petersson H (2005)
Estimation of the biomass stock of trees in Sweden: comparison
of biomass equations and age-dependent biomass expansion
factors. Ann Forest Sci 62: 845-851.
Janssens IA, Freibauer A, Ciais P, Smith P, Nabuurs GJ, Folberth G,
Schlamadinger B, Hutjes RWA, Ceulemans R, Schulze ED,
Valentini R, Dolman AJ (2003) Europe’s terrestrial biosphere
absorbs 7 to 12% of European anthropogenic CO2 emissions.
Science 300: 1538-1542.
Janzen HH (2004) Carbon cycling in earth systems-a soil science
perspective. Agr Ecosyst Environ 104: 399-417.
Kalıpsız A (1988) Dendrometri. İstanbul Üniversitesi, Orman
Fakültesi Yayınları, No: 3194/354, İstanbul.
Karjalainen T, Pussinen A, Liski J, Nabuurs GJ, Eggers T,
Lapveteläinen T, Kaipainen T (2003) Scenario analysis of the
impacts of forest management and climate change on the
European forest sector carbon budget. Forest Policy Econ 5:
141-155.
Liski J, Karjalainen T, Pussinen A, Nabuurs GJ, Kauppi P (2000) Trees
as carbon sinks and sources in the European Union. Environ
Sci Policy 3: 91-97.
Liski J, Lehtonen A, Palosuo T, Peltoniemi M, Eggers T, Muukkonen
P, Mäkipää R (2006) Carbon accumulation in Finland’s forests
1922–2004 – an estimate obtained by combination of forest
inventory data with modeling of biomass, litter and soil. Ann
Forest Sci 63: 687-697.
Liski J, Palosuo T, Peltoniemi M, Sievänen R (2005) Carbon and
decomposition model Yasso for forest soils. Ecol Model 189:
168-182.
Nabuurs GJ, Päivinen R, Sikkema R, Mohren GMJ (1997) The role of
European forests in the global carbon cycle - a review. Biomass
Bioenerg 13: 345-358.
Nabuurs GJ, Schelhaas MJ (2003) Spatial distribution of whole-tree
carbon stocks and fluxes across the forest of Europe: where are
the options for bio-energy? Biomass Bioenerg 24: 311-320.
NIR Turkey (2007) National Greenhouse Gas Inventory Report of
Turkey, NIR (Reported Inventory 2005). Retrieved 5 September
2009 from http://unfccc.int/national_reports/annex_i_ghg_
inventories/national_inventories_submissions/items/3929.php.
OGM (T.C. Orman Bakanlığı, Orman Genel Müdürlüğü) (1980)
Türkiye Orman Envanteri. Orman Bakanlığı Yayınları, Sıra No:
13, Seri No: 630, Ankara.
OGM (T.C. Çevre ve Orman Bakanlığı, Orman Genel Müdürlüğü)
(2006) Orman Varlığımız. Çevre ve Orman Bakanlığı Yayınları,
Ankara.

278

https://testdrive1.bepress.com/tubitak-journal/vol35/iss3/6
DOI: 10.3906/tar-0909-369

14

TOLUNAY: Total carbon stocks and carbon accumulation in living tree biomas

D. TOLUNAY

OGM (T.C. Çevre ve Orman Bakanlığı, Orman Genel Müdürlüğü)
(2009) Ormancılık İstatistikleri. Retrieved 5 September 2009
from http://www2.ogm.gov.tr/ormistatistik/OGM/orman_
urunleri.xls.

Topaloğlu E (2005) Trabzon-Yeşilbük Yöresinde Yetiştirilmiş Monteri
çamı (Pinus radiata D. Don) Odununun Fiziksel ve Mekanik
Özellikleri. Yüksek Lisans Tezi. Karadeniz Teknik Üniversitesi
Fen Bilimleri Enstitüsü, pp. 111.

Özkaya S (2004) Artvin-Genya Dağı Yöresi Doğu Ladini (Picea
orientalis (L.) Link.) Ormanlarında Toprak Üstü Biyokütlenin
Belirlenmesi. Yüksek Lisans Tezi. Kafkas Üniversitesi, Fen
Bilimleri Enstitüsü, pp. 62.

Tüfekçioğlu A, Güner S, Küçük M (2004) Root biomass and carbon
storage in oriental spruce and beech stands in Artvin, Turkey. J
Environ Biol 25: 317-320.

Pussinen A, Nabuurs GJ, Wieggers R, Reinds GJ, Wamelink GWW,
Kros J, Mol-Dijkstra JP, de Vries W (2009) Modelling long-term
impacts of environmental change on mid- and high-latitude
European forests and options for adaptive forest management.
Forest Ecol Manag 258: 1806-1813.
Raev I, Asan Ü, Grozev O (1997) Accumulation of CO2 in the aboveground biomass of the forests in Bulgaria and Turkey in the
recent decades. In: Proceedings of the XI World Forestry
Congress, Antalya, Vol. 1: 131-138.
Saraçoğlu N (1998) Kayın (Fagus orientalis Lipsky) biyokütle tabloları.
Turk J Agric For 22: 93-100.
Saraçoğlu N (2000) Sakallı Kızılağaç (Alnus glutinosa (L.) Gaertn
subsp. barbata (C.A. Mey.) Yalt.) biyokütle tabloları. Turk J
Agric For 24: 147-156.
Sarıyıldız T (2003) Litter decomposition of Picea orientalis, Pinus
sylvestris and Castanea sativa trees grown in Artvin in relation
to their initial litter quality variables. Turk J Agric For 27: 237243.
Sarıyıldız T, Tüfekçioğlu A, Küçük M (2005) Comparison of
decomposition rates of beech (Fagus orientalis Lipsky) and
spruce (Picea orientalis (L.) Link. ) litter in pure and mixed
stands of both species in Artvin, Turkey. Turk J Agric For 29:
429-438.
Sarıyıldız T (2008) Effects of tree canopy on litter decomposition rates
of Abies nordmanniana, Picea orientalis and Pinus sylvestris.
Scand J Forest Res 23: 330-338.
Schelhaas MJ, Nabuurs GJ (2001) Spatial distribution of regional
whole tree carbon stocks and fluxes of forests in Europe.
Wageningen, Alterra, Green World Research, Alterra-rapport
300, pp. 44.

Tüfekçioğlu A, Küçük M (2004) Soil respiration in young and old
oriental spruce stands and in adjacent grasslands in Artvin,
Turkey. Turk J Agric For 28: 429-434.
Tüfekçioğlu A, Sarıyıldız T, Güner S, Küçük M (2005) Artvin Genya
Dağı Doğu ladini meşcerelerinde kök kütlesi, yıllık ibre dökümü
ve toprak solunumu miktarlarının değişimleri. In: Ladin
Sempozyumu Bildiri Kitabı, Trabzon, pp. 123-129.
Uğurlu S, Araslı B, Sun O (1976) Stebe geçiş yörelerindeki sarıçam
meşcerelerinde biyolojik kütlenin saptanması. Ormancılık
Araştırma Enstitüsü Yayınları, Teknik Bülten Serisi, No: 80, pp.
48.
UNFCCC (United Nations Framework Convention on Climate
Change) (2009) National Inventory Submissions 2007.
Retrieved 5 September 2009 from http://unfccc.int/national_
reports/annex_i_ghg_inventories/national_inventories_submis
sions/items/3929.php.
UN-ECE/FAO (2000) Forest resources of Europe, CIS, North
America, Australia, Japan and New Zealand. Geneva Timber
and Forest Study Papers, No. 17. United Nations Economic
Commission for Europe (Geneva), Food and Agriculture
Organization of the United Nations, Rome, pp. 445.
UN-ECE/FAO (2006) Global forest resources assessment 2005, global
assessment of growing stock, biomass and carbon stock. United
Nations Economic Commission for Europe (Geneva), Food and
Agriculture Organization of the United Nations, Forestry
Department, Working paper 106/E, Rome, pp. 54.
Ünsal A (2007) Adana Orman Bölge Müdürlüğü Karaisalı Orman
İşletme Müdürlüğü Kızılçam Biyokütle Tablolarının
Düzenlenmesi. Yüksek Lisans Tezi. Zonguldak Karaelmas
Üniversitesi, Fen Bilimleri Enstitüsü, pp. 51.

Sun O, Uğurlu S, Özer E (1980) Kızılçam (Pinus brutia Ten.) türüne
ait biyolojik kütlenin saptanması. Ormancılık Araştırma
Enstitüsü Teknik Bülteni, Teknik Bülten Serisi No: 104, pp. 32.

Van Camp N, Vande Walle I, Mertens J, De Neve S, Samson R, Lust N,
Lemeur R, Boeckx P, Lootens P, Beheydt D, Mestdagh I, Sleutel
S, Verbeeck H, Van Cleemput O, Hofman G, Carlier L (2004)
Inventory-based carbon stock of Flemish forests: a comparison
of European biomass expansion factors. Ann Forest Sci 61: 677682.

Tolunay D, Çömez A (2008) Türkiye ormanlarında toprak ve ölü
örtüde depolanmış organik karbon miktarları. In: Hava Kirliliği
ve Kontrolü Ulusal Sempozyumu Bildiri Kitabı, Hatay, pp. 750765.

Yeşil A, Asan Ü (2007) Ormanların karbon birikimindeki mevcut ve
potansiyel rolü. Küresel İklim Değişimi ve Su Sorunlarının
Çözümünde Ormanlar Sempozyumu Bildiri Kitabı, İstanbul,
pp. 109-114.

Tolunay, D (2010) Biomass factors and equations for the young Scots
pine trees (Pinus sylvestris L.) in northwestern Turkey.
Unpublished manuscript.

279

Published by Research Showcase @ UMarin, 2011

15

